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Abstract: The surface vapor content has a close correlation with the generation of precipitation. Based on the
atmospheric circulation data and surface vapor content data from 37 weather stations across the Tarim Basin during 1961−2010, the paper analyzed the vapor variation trend, period, abrupt changes and their causes. The results
show that the increase trend of surface vapor content over the Tarim Basin mostly conforms with the average trend
coefficient of 0.48. There were 3 centers displaying a trend of high vapor increase and 3 centers displaying a low
vapor increase. These centers were distributed in strips and blocks across the basin from northeast to southwest.
Notable inter-decadal variations in annual and seasonal vapor contents occurred in the Tarim Basin during the 50
years of the study period, with more vapor after the mid-1980s and less vapor in the 1960s and the 1970s. The
significant increase in vapor content in the 50 year period occurred mostly in the 1980s and the 1990s. The increasing trend across the four seasons was strongest in summer, reaching 0.43, and weakest in spring. Great
variations existed between the spring trend and the annual, summer, autumn and winter trends. During the 50-year
study period, there are distinguishable periods of 4–6 years and 8–10 years in which the annual and seasonal vapor
contents varied alternately between low and high concentrations. The annual vapor content and that of the four
individual seasons all changed abruptly in about the mid-1980s (α<0.05). The west wind circulation, Tibetan Plateau
circulation and the annual mean temperatures of the Tarim Basin are the main factors that influenced the surface
vapor content over the study area, of which the Tibetan Plateau circulation may be the most important one.
Keywords: surface vapor content; climate factors; periodic variation; abrupt change; Tarim Basin

Water vapor content directly affects the generation of
precipitation, and the surface vapor content has a close
positive correlation with the whole content of water
vapor in the air (Karalis, 1974; Yang et al., 2002;
Zhang, 2004). Many researches have been undertaken
in water vapor conditions, sources, directions of
movement and convergence regarding the formation
of heavy rain, and in the relations between these factors and the rainy season and rain belts in the east,
south and low-latitude regions of China (Xu, 1958;
Huang et al., 1998; Niu, 2004; Zhou, 2005; Jian,
2006). However, due to the limitation of available data
and computing technologies, it was not until the 1990s
that the study on water vapor in Northwest China began to be paid much attention to (Cui, 1994; Li and

Xie, 1997; Wei et al., 2000; Wang et al., 2003; Wang
et al., 2006). Since the latter half of the 20th century,
precipitation in the Tarim Basin increased noticeably
due to global warming (Liu et al., 2005; Fan et al.,
2011) and the climate changed from ‘warm and dry’ to
‘warm and humid’ in the western part of the basin (Hu
et al., 2002; Shi et al., 2002). The Tarim Basin had
witnessed more floods than previously (Jiang and
Yang, 2004). The water vapor conditions that resulted
in these changes have changed markedly. By studying
the water vapor transport over the Tarim Basin, Lin et
al. (1992) stated that the water vapor in Northwest
China is primarily supplied by the west wind circulaReceived 2011-11-02; accepted 2012-04-16
∗
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tion and the South Asian monsoon, while the water
vapor over the Tarim Basin comes mostly from the
Arabian Sea, having traversed the Karakoram Mountain and Pamir Plateau. The study by Wang (2006)
revealed that the 600 hpa wind field over the Tarim
Basin is a positive divergence area with clear downdrafts, forming strong divergence in the low-level atmosphere and resulting in negative convergent transport of water vapor in the corresponding atmosphere
layer. Yu et al. (2003) found, from his research on the
43-year mean water vapor content of the whole atmosphere layer, that the Tarim Basin is a relatively
high-value center of water vapor in Northwest China.
During the period from the 1960s to the 1990s, water
vapor content in the entire Xinjiang region including
the Tarim Basin was in a trend of continuous increase,
especially in the 1990s, when the increasing trend was
more evident. Generally speaking, the above-mentioned studies on the water vapor content over the Tarim
Basin were essentially based on global atmospheric
circulation data, but the resolutions of these data tend
to be poor, and insufficient to interpret the variations
in the surface vapor condition in such a complex
landform area as the Tarim Basin. Moreover, those
research results differ as well, unable to reflect the
trends and abrupt changes of local vapor content. Up
to now, few researchers have used any vapor data with
higher resolutions from the observation stations in the

Fig. 1
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Tarim Basin, nor have any studies been done on the
abrupt changes in the surface vapor content over the
Tarim Basin. What’s more, the relations between these
changes and climate change need to be further explored. In this paper, the data of surface vapor content
during the period 1961–2010 were obtained from 37
weather stations in the Tarim Basin. From these data,
we quantitatively verified and judged the variations in
trends, and the abrupt changes in surface vapor content in the 50-year period, and analyzed their correlations with climate change. These studies will be of
importance in revealing the regularity of regional water vapor fluctuations to recognize the evolution of
drought, and to optimize the utilization of the air water
vapor resources.

1 Study area and methods
1.1

Study area

The Tarim Basin is situated in the hinterland of Eurasia (75º–91ºE, 37º–41ºN; Fig. 1). It covers an area of
53×104 km2, being about 1,500 km in length and 600
km in width. It is the largest inland basin in China, in
the typical warm temperate zone, and features a continental arid climate. It is surrounded by the Tianshan
Mountains, Kunlun Mountains and Altun Mountains.
The centre of the basin is the famous Taklamakan Desert, and from the center of the basin to oases, gobi,

The trend distribution of surface vapor contents over the Tarim Basin during 1961–2010
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and piedmonts, the elevation ranges from 800 m to
1,300 m. In addition to a few inland rivers entering the
basin, almost all water supplies are from precipitation.
The precipitation water vapor is primarily carried by
the west wind circulation from the Atlantic and Eurasia; the Arabian Sea vapor carried by the South Asian
monsoon is another source of vapor which passes over
the Kunlun Mountains. Because of the block of water
vapor by high mountains, the Tarim Basin has a mean
annual precipitation of less than 100 mm and a mean
annual relative humidity of 49.8%. The climate is very
dry and sensitive to global climate change; furthermore the climate of the basin is wetting, which is different from the case in most neighboring regions (Hu
et al., 2002; Shi et al., 2002). So the basin is an ideal
region for the study of climate change in arid environments.
1.2

Data and methods

The surface vapor content refers to the pressure of
water vapor in the atmosphere at 1.5-meter height according to the specifications for surface meteorological observation (China Meteorological Administration,
2003), and it is given by calculating the measurement
of psychrometer of weather stations. Based on the
principle of homogeneity, integrity and comparability,
we chose surface vapor content data for 1961–2010
from 37 weather stations out of a total of 58 stations in
the Tarim Basin. The data were compiled by Xinjiang
Meteorological Bureau. The detection of homogeneity
and revision of the chosen vapor data (Wang et al.,
2007) were further carried out. Data from 16 of the 37
stations are homogeneous, while there are abrupt
changes in the data from the other 21 stations, with
change points occurring mainly in the 1980s, especially in 1986 when abrupt change points occurred in
the data from 15 stations. Man-made errors were excluded, leaving climate factors as the cause for the
abrupt changes at the 21 stations. The data from these
21 stations are reliable. The regional (30ºW–70ºE,
30º–50ºN) west wind index (Li et al., 2008) was calculated by using NCEP/NCAR (National Centers for
Environmental Prediction/National Center for Atmospheric Research) reanalysis data (Kalnay et al.,
1996). The Tibetan Plateau circulation index comes
from Chinese National Climate Center (Chinese Na-
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tional Climate Center, 2008). The trend lines were
calculated using the ‘5 points and third-order smoothing’ method (Wei, 1999); the trend values were obtained by the method of trend coefficient (Wei, 1999);
the periodic analysis was performed using the real part
of Morlet Wavelet Analysis (Wei, 1999); and the
abrupt change tests on vapor, temperature and atmospheric circulation were performed using the
Mann-Kendall (MK) abrupt change verification
method (Fu and Wang, 1992). The method of data
symmetrical extension was applied to eliminate wavelet marginal effects (Deng et al., 1997), with the data
for every station extended for 150 years. Periods of
less than one year were removed by anomaly filtering,
and then, after wavelet transformation, the wavelet
coefficients of the original 50 years of data were applied in the analysis. Before MK abrupt change test,
the data were checked to eliminate auto-correlated
effects (Partal and Ercan, 2006). The original data
were then converted as (x2–r1x1, x3–r1x2, ⋯, xn–r1xn-1),
where xi is original data, and r1 is auto-correlated coefficient of lag time one year.

2 Results
2.1
2.1.1

Spatial and temporal distribution of the trend
in surface vapor content
Spatial distribution

Figure 1 displays the spatial distribution of the trend in
mean annual surface vapor content in the Tarim Basin.
It can be seen that during 1961–2010 all the trends in
vapor content over the Basin were >0 except at one or
two stations (Fig. 1). According to statistics, the coefficient for the spatial mean trend across the Basin was
0.48, and the increasing trends for about 75.7% stations were significant (α<0.05). Spatially, there were
three centers with increasing high values, respectively
located at Yutian in the south of the Basin, Yuli at the
southern slope of the Middle Tianshan Mountains and
Alar in the northwest of the Tarim Basin. The increasing trend amongst the high-value centers was strongest
at Alar, with a top value of 0.84, where the isolines of
the variations were dense, indicating the trends vary to
some great extent between the places within this area.
The areas with minor increasing trends were mostly
situated in the southwest of the Tarim Basin, with two
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low-value centers near Pishan and in Bachu county.
However, the center with the minimum value was
found at Luntai with a trend value of –0.28. Therefore,
the trends in the surface vapor content over the entire
Tarim Basin appeared as alternating strips and blocks
of high-value areas and low-value areas, running from
northeast to southwest. The trend in decreasing vapor
content at Luntai was not consistent with the increasing trend in the rest of the basin, which may be caused
by a change in local circulation. Noticeable increases
in southerly wind run have been recorded at Luntai
since the 1980s, which is expected to bring much dry
desert air to Luntai, further decreasing vapour content.
2.1.2

263

growing periods of vapor among the four seasons,
spring was distinguished from the other three seasons.

Temporal distribution

Figure 2 shows the annual variation and trend curves
of the surface vapor content over the Tarim Basin. A
study of the figure shows that the vapor content increased significantly during 1961–2010, and the mean
trend coefficient was 0.648 (α<0.001). The vapor content for the last 24 years was larger than the 50-year
mean value, and most of the increases appeared in the
years after 1987, the number of which accounts for
48% of the total years. The year 1998 recorded the
highest value of vapor content, which was 7.8 hpa,
whilst 1961 had a least vapor content of 6.2 hpa. The
temporal distribution of the variation was divided into
3 periods. During the period 1960–1985, the annual
vapor content was at a low level, fluctuating readily
and having a weak tendency to grow more. In the mid
and late periods of the 1980s, the vapor content increased with a strong upward trend; and the period
after the late 1980s was the time with more vapor
content and the increasing trend was strong, but after
2006 it tended to decline again. The four seasonal increasing trends during 1961–2010 were significant
(α<0.01), although the intensity of the increasing
trends varied with seasons. Summer was found to have
the strongest increasing trend, reaching 0.43, while
autumn had the second strongest increasing trend, and
spring had the weakest, being recorded at only 0.323.
The onset of annual increases in the vapor content occurred in the mid-1970s when the vapor content in
spring began to show fluctuating increases. However,
increases had begun in the other seasons (summer, autumn and winter) at as early as the end of the 1960s
and the beginning of the 1970s. As for the fastest

Fig. 2 The annual (a), spring (b), summer (c), autumn (d) and
winter (e) variation trends of surface vapor contents over Tarim
Basin during 1961–2010; triangles and squares along the lines
indicate observed data and smoothed trends, respectively.
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In the springs of the mid-1970s to the early 1980s and
the mid-1980s to the early 1990s, the vapor content
grew the fastest, whereas the vapor content in summers, autumns and winters of the mid-1980s to the
early 1990s was recorded as increasing fastest. Based
on the analysis of the evolving higher vapor content
above, we found that the biggest increases across the
four seasons mostly occurred in the period from the
mid-1980s to the early 1990s. The lowest values of the
vapor content emerged during the end of the 1960s to
the middle of the 1970s, while the largest values appeared in the 1990s (Fig. 2). The surface vapor content
has been increasing in the Tarim Basin since 1961,
while the whole vapor content in Northwest China
decreased during the 1960s and 1970s, and has increased since the 1980s (Yu et al., 2003); there are
similarities and differences between the two areas.
The annual and seasonal surface vapor contents
over the Tarim Basin during 1961–2010 (Table 1) all
show significant increasing trends except in spring
(α<0.001), while their trend and trend strength are
different between the decades. The trend in annual
vapor content was negative between the 1960s and
somewhat weak during the 1970s, but in the 1980s and
1990s it turned into a very distinct upward trend. In
the 1980s the vapor content presented a strongest increasing trend with the value of 0.4702, while in the
2000s it began to decrease again with a value of
–0.637. In the springs of the 1960s and 1980s, the
trend in vapor content was increasing, whereas in the
other decades the trend was either unclear or negative.
Summer surface vapor content showed either no obvious trends or negative trends in both the 1960s and
1970s, but trends turned positive in the 1980s and
1990s before becoming mostly negative in the 2000s.
For autumn seasons, the 1960s and 2000s showed
negative trends in surface vapor content, but in the
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other decades, the trends were positive. The winter
seasons of the 1960s and 1980s had positive trends in
the vapor content, and the other decades had negative
trends. The annual and seasonal vapor trends were
mostly positive in the 1980s and 1990s; all vapor
trends were negative in the 2000s. The significant increase of vapor content results from the accumulation
of all decades’ variations in the recent 50 years, with
the greatest contribution coming from the increases in
the 1980s and 1990s.
2.2

Periodicity of vapor content variation

Wavelet analysis reveals that the periodic characteristics of the variations of the surface vapor content were
remarkable at inter-decadal scales in the Tarim Basin
in different seasons and years (Fig. 3). The oscillation
periodicity of annual vapor content in the past 50
years occurred primarily in 3–10 years, of which the
8-year and 4-year periodicities were more notable in
comparison with the others; the periodicity of 20 years
was also obvious, but slightly weak in intensity.
Moreover, the periodic variation of annual vapor content showed stage characteristics in different periodicities. The cycles of 8 and 4 years existed in the
entire period of 50 years, with periods of higher and
lower vapor content emerging by turn. After the start
of the 21st century, the intensity of the higher vapor
content was weaker. The 8–10 year and 4–6 year cycles of the spring vapor oscillation were significant,
and moreover, that of the 20-year period was obvious
too, but a little weak in intensity. In the periods of 4
and 8 years, the higher-vapor periods and lower- vapor
periods appeared to alternate, and the 20-year periodic
scale from the 1960s to the 21st century exhibited three
clear periods of higher vapor and three periods of
lower vapor. The 4–6 year, 8-year and 20-year cycles
of the summer vapor content oscillation were more
visible, and the three periodic belts in the last 50 years

Table 1 The decadal trend coefficient of surface vapor content over the Tarim Basin during 1961–2010
Period
1961–1970
Annual

*

Note: and

–0.1601

1971–1980

1981–1990

–0.2507

0.4702

1991–2000
0.3010

2001–2010
–0.6370*

1961–2010
0.6481**

Spring

0.3836

–0.2793

0.1362

–0.1572

–0.5278

0.2177

Summer

–0.4156

–0.4588

0.3545

0.4446

–0.6660*

0.5267**

Autumn

–0.3861

0.2778

0.4646

0.4140

–0.2556

0.6307**

Winter

0.2353

–0.0191

0.4736

–0.2800

–0.4401

0.5651**

**

denote significance at 0.05 and 0.001 level, respectively.
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Fig. 3 The annual (a), spring (b), summer(c), autumn (d) and winter (e) wavelet analysis of surface vapor contents over the Tarim Basin
during 1961–2010

had the obvious alternation of more vapor and less
vapor, and the periodicity of 20 years became more
and more obvious as time passed. The summers of
the 1990s contained the periods of dramatically
higher vapor content. The 4-year and 18-year cycles
of the autumn vapor oscillation were very obvious,
going up year by year gradually from 4 years to 8
years, and within all periodic scales there was very
notable alternation of more vapor and less vapor. The
variation of winter vapor oscillation in the 50-year
period had a weak 4-year cycle, and before the 1980s
the 8-year cycle was clear, but after the 1980s the
cycles of 10 years and 16 years took their respective
place.
3.3 Abrupt change of surface vapor content
In the last 50 years, the surface vapor content increased greatly over the Tarim Basin, which needs to
be further analyzed to see if it has reached the abrupt
change standard. The abrupt change diagram of the
surface vapor content over the Tarim Basin (Fig. 4)
revealed the trend of annual vapor content (Fig. 4a)
was positive in most periods except the end of the

1960s, and after 1985 the trend of annual vapor content increased in all years. The crossing points of c1
and c2 in Fig. 4a were seen in 1985, and after 1998 the
tendency of increase became significant (α=0.05),
which indicates the abrupt change in annual vapor
content occurred in 1985. The trend of spring vapor
content had always been positive after 1985, showing
a fluctuant increasing trend, and after 2004 the increasing trend became significant (α=0.05), but the
abrupt change happened in 1983. The trend and abrupt
change were similar between the summer vapor content and the annual vapor content, and the abrupt change occurred in 1985. Beginning from the 1970s, the
trend of increasing autumn vapor content fluctuated
and it was in 1974 that the vapor content altered from
decreasing to increasing trend; in 1990 the increasing
trend became significant (α=0.05), and the abrupt
change appeared in 1986. The increasing trend in
winter vapor content started to fluctuate from the end
of the 1960s, and in 1969 the trend turned from decreasing into increasing; in 1990 the increasing trend
became significant (α=0.05) and the abrupt change
occurred in 1986.
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3 Discussion
The sudden increase of surface vapor over the Tarim
Basin in the mid-1980s was the result of global climate change and regional influences working together.
Over the last one hundred years, the mean temperature
and sea level pressure of the Northern Hemisphere
changed in 3 big jumps, respectively in the 1920s,
1950s and at the end of the 1970s and beginning of the
1980s (Ai and Lin, 1995). The annual precipitation
over the land at the high latitudes of the Northern
Hemisphere increased slightly, however, this was offset by decreases in various latitude belts, resulting in
abrupt global annual precipitation reduction in about
1978 (Shi and Chen, 2002). Since the 1980s, water
vapor has increased in Central Asia and even northern
Europe (Yu et al., 2002). The decadal sudden changes
in precipitation and temperature at the end of the
1970s and beginning of the 1980s occurred in the rest
of China during 1950–1997 (Lin et al., 1998; Ding et
al., 2003). After the end of the 1970s, the water vapor
increased in the middle of East China and decreased in
the north and south of East China, while the situation
was contrary during the 1950s–1970s (Huang et al.,
2010). The increase in temperature and precipitation
presented abrupt changes in warming and wetting in
the Tarim Basin after the 1980s (Li et al., 2008).
Global climate change has influenced the atmospheric
circulation since the end of the 1970s. This has affected the supplementation, transportation and convergence of Tarim Basin water vapor, resulting in
more water vapor transfer to and retention in the Basin.
Temperature warming in the Basin, and over China in
general, is advantageous to improving the capacity of
the atmosphere to hold and transport water vapor.
These, then, were the changes that caused the turning
change or abrupt change of surface vapor content over
the Tarim Basin in or near the 1980s.
3.1
Fig. 4 The annual (a), spring (b), summer (c), autumn (d) and
winter (e) abrupt change of surface vapor content over the Tarim
Basin during 1961–2010. c1 and c2 represent statistical series in
positive sequence and statistical series in reverse sequence,
respectively.

Relation between the surface vapor content
and climate factors

The increase of surface vapor content over the Tarim
Basin is connected with the regional climate changes
over the past 20 years. The change trend of annual
mean temperature in the Tarim Basin began to fluctu-
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ate upwards from the mid-1970s, and in the early
1990s abrupt change occurred (Li et al., 2008). With
the increase of temperature, the surface evapotranspiration strengthened, meanwhile, the vapor-holding
capability of the warmer atmosphere increased too,
and water vapor in the atmosphere increased. Water
vapor content is the exponential function of temperature, correlated positively to temperature, and
responds much more sensitively to climate warming
than temperature. Therefore, the timing for vapor
content to begin increasing and the year for the
abrupt change of vapor content were earlier than
those for temperature. The calculated correlations
between annual, spring, summer, autumn and winter
surface vapor content and the annual mean temperature in the Tarim Basin during 1961–2010 were 0.42,
0.10, 0.29, 0.48 and 0.36, respectively. Except for the
value for spring, the other values are significant
(α=0.05), showing that the annual, summer, autumn
and winter vapor contents are significantly correlated
to the annual mean temperature in the Tarim Basin.
The increase of surface vapor content over the
Tarim Basin is correlated to the global warming and
atmospheric circulation changes. The surface vapor
over the Tarim Basin primarily originates from the
vapor evaporated from the Atlantic Ocean and Eurasia,
which is transported into the basin by the west wind
circulation (Lin et al., 1992; Cui et al., 1994; Dai et al.,
2007). With global warming, the atmosphere receives
more water vapor from the Atlantic Ocean and Eurasia,
while the west wind circulation (represented by west
wind index, range: 30ºW–70ºE, 30º–50ºN) is strengthening and more able to transport increased water vapor
into the Tarim Basin. The west wind circulation began
to fluctuate upwards in the mid-1970s, and then appeared to change abruptly in the early 1980s, during
which time surface vapor content in Tarim Basin increased. The period of abrupt change in the surface
vapor content was close to the time of change in the
west wind circulation, which indicates that the variation of west wind circulation impacts the surface vapor
content in the Tarim Basin. By calculation, the correlation coefficient between the annual, spring, summer,
autumn and winter water vapor content and the west
wind circulation index was 0.33, 0.26, 0.25, 0.15 and
0.36, respectively. Of these, the values for the annual

267

and winter correlations are significant (α=0.05), implying that the west wind circulation was significantly
correlated to the annual and winter vapor content in
the Tarim Basin.
The Tarim Basin is situated to the north of the Tibetan Plateau and is obviously affected by the plateau
circulation. In warm years, the surface of the Tibetan
Plateau is dominated strongly by heat, and the upward
motion of the atmosphere over the plateau strengthens,
causing the development of convergent upward motion from the convective low level to the north side of
the plateau, where the vapor is concentrated and easily
converted into precipitation (Qian et al., 2001). However, in colder years, the heat over the plateau surface
is reduced, and the upward motion over the plateau is
also weak. Under these conditions, strong sinking motion prevails over the north side of the plateau, resulting in dry years (Qian et al., 2001). The climate of the
Tibetan Plateau has become warmer in the past decades (Lv et al., 2010). The trend of the Tibetan Plateau
circulation (represented by Tibetan Plateau circulation
index) began to fluctuate upwards in the mid-1970s
and changed abruptly in the mid-1990s, which drove
the strengthened upward motion of air over the plateau.
Therefore, the Tarim Basin becomes moister than before. The correlation coefficient between the annual,
spring, summer, autumn and winter surface vapor
content over the Tarim Basin and the circulation index
of the Tibetan Plateau was 0.52, 0.21, 0.42, 0.50 and
0.34, respectively, of which the annual, summer, autumn and winter correlations are significant (α=0.05).
Therefore, it is concluded that significant correlations
exist between the surface vapor content in the Tarim
Basin and the circulation over the Tibetan Plateau.
3.2 Climate factors driving vapor content variation
This study carried out linear correlation analyses between surface vapor content and climate factors (temperature, west wind circulation and the Tibetan Plateau
circulation) to find the important factors whose variations were the main contributors to the increase and
abrupt changes of surface vapor in the Tarim Basin.
From the correlation coefficients between surface vapor content and climate factors (Table 2), clear positive correlations between surface vapor content and
temperature, west wind circulation and the Tibetan
Plateau circulation can be seen, but the correlation

268

JOURNAL OF ARID LAND

between temperature and vapor content before abrupt
change points (1961–1984) is not as good as the correlation after the abrupt change points (1985–2010).
The correlation between west wind circulation and
vapor content after the abrupt change point is a little
better than the correlation before the abrupt change
point, while the correlation between the Tibetan Plateau circulation and vapor content after abrupt change
point is much better than the correlation before the
abrupt change point. This means that the west wind
circulation is an important factor that affects the
abrupt change of surface vapor content, and the Tibetan Plateau circulation is a most important factor
that affects the abrupt change of surface vapor content.
Table 2 The correlation coefficients between surface vapor
content and climate factors
West wind
circulation

Tibetan Plateau
circulation

0.4191

0.3313

0.5219

1961–1984

0.3211

0.1626

0.0516

1985–2010

–0.0376

0.1660

0.4689

Period
1961–2010

Temperature

There was a positive correlation between surface
vapor content over the Tarim Basin and the Tibetan
Plateau circulation; the correlation coefficient was
0.522 for 1961–2010, which is significant (α=0.01),
0.052 (small) for 1961–1984, and 0.469 (large) for
1985–2010, which is significant (α=0.01). Based on
the studies on the 50-year period (Fig. 5), we found
that the variation in the Tibetan Plateau circulation
basically agreed with the variation in the vapor content,
and the correspondence of their peak-valley values is
good, which indicates a close relationship between the
Tibetan Plateau circulation and the surface vapor content.

Fig. 5 The variation in the Tibetan Plateau circulation index and
surface vapor content in the Tarim Basin
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4 Conclusions
Our studies based on the data for the last 50 years reveal:
(1) The surface vapor content over the Tarim Basin
increased almost consistently with an average trend
value of 0.48. Separately, there were three increasing
high-value centers and three increasing low-value
centers, which presented an alternative distribution of
strips and blocks from northeast to southwest.
(2) There existed notable inter-decadal variations in
annual and seasonal surface vapor content over the
Tarim Basin during the study period, with more vapor
after the mid-1980s and less vapor in the 1960s and
1970s. The significant increase in vapor content contributed to the vapor increase in the 1980s and 1990s.
Of the four seasons, the increase trend is strongest in
summer, reaching 0.43, and weakest in spring. There
existed a large difference between the spring trend and
the annual, summer, autumn and winter trends.
(3) There are clear periods of 4–6 years and 8–10
years in the cycles of annual and seasonal vapor contents in the Tarim Basin, and alternating cycles of less
and more amounts of vapor presented. The annual and
seasonal vapor contents all changed abruptly and significantly (α=0.05) in the mid-1980s.
(4) The west wind circulation, Tibetan Plateau circulation and the annual mean temperatures are the
main factors that influence surface vapor content over
the Tarim Basin, and of these the Tibetan Plateau circulation may be the most important contributor.
The decadal change of surface vapor content over
the Tarim Basin is influenced by multiple factors, and
is, therefore, very complex, and the quantitative contribution of the factors remains to be elucidated by
further research. However, the climate wetting as revealed in this paper will increase rainfall and runoff in
the Tarim Basin. This is a positive signal to ease the
dry state of the basin, but the wetting will also increase the occurrence of heavy rainfall and extreme
hydrological events such as floods. The wetting has
significant influences on the ecological environment,
water resources, agriculture and economic activities in
the basin (Xu et al., 2004). How to improve the environment and economic development by using this
chance of higher precipitation and what measures
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shall be taken to reduce flood damage from heavy rainfall are issues to be addressed. At present, the priority
should focus on strengthening the monitoring and research on the likely duration of this wetter period, better
runoff control, and a system of early warning against
flood events under the background of climate warming.
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